LAMINATE PACKAGING FLAT CELL 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a laminate packaging 
flat cell enhancing the stability of a thermally welded portion . 
More specifically, the present invention relates to a laminate 
packaging flat cell ensuring the stability of an electrode 
terminal lead and a laminate film in the thermally welded portion 
by providing a through-hole in the electrode terminal lead 
of the thermally welded portion , and further relates to a battery 
module and an assembled battery which are formed of the cells. 

2. Description of the Related Art 

Recently, air pollution caused by exhaust gas from 
vehicles has become a global problem. In such a context, 
electric vehicles, which use electric power as a motive power 
source, and hybrid cars, which are run by a combination of 
an engine and a motor, have been attracting attention. 
Correspondingly, the development of a cell having a high energy 
density and a high output density to be mounted on these hybrid 
cars has an important place industrially. As a configuration 
of a cell for such use, there is a configuration in which a 
wound electric power generating element is housed within a 
cylindrical case. In another configuration, a wound electric 
power generating element or an electric power generating 



element, which stacks planar electrodes and a separator, is 
housed within a flat case. 

Since these cylindrical or flat cases are required to 
have enhanced strength, it is necessary to form these cases 
5 as metal cans. Therefore, there is a problem in that the 

reduction of weight is difficult. Thus, as a means of reducing 
the weight of the cell as well as obtaining a higher energy 
density and a higher output density, the prior art as described 
in Japanese Patent Application Laid-Open No . 11-224652 (1999) 

10 is cited. In this conventional technology, a structure of the 

cell using a laminate film as an outer case, a periphery of 
which is sealed by thermal welding to close the outer case 
hermetically, has been proposed. 

In the cell as described above, which uses the laminate 

15 film as the outer case, the sealing capability thereof is 

sometimes damaged due to a deformation caused by an external 
force and an increase of an internal pressure caused by a 
temperature rise of the cell. Particularly, when the cell is 
mounted on the electric vehicle or the hybrid car, the cell 

20 temperature sometimes rises to approximately 60°C. In this 

case, a large current flows through an electric terminal lead 
during charge/discharge, and therefore, the temperature of 
the electrode terminal lead sometimes becomes higher than the 

cell temperature by approximately 3 0°C . Hence , the temperature 
25 of the electrode terminal lead sometimes reaches a softening 

point (approximately 90°C) of resin in the laminate film. In 
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such a situation, the sealing capability of a region where 
the resin in the laminate film and the electrode terminal lead 
contact each other is damaged in some cases due to the increase 
of the cell ' s internal pressure causedby the rise of the internal 
temperature thereof . Therefore , in the cell as described above , 
which uses the laminate film as the outer case, ensuring a 
sealing capability equivalent to a metal case or more has become 
an important subject. Accordingly, as a technology of coping 
with such a request, an attempt has been made, which is to 
enhance the sealing capability by providing a coating layer 
formed of olefin resin containing a titanate coupling agent 
in a position corresponding to the thermally welded portion 
of the electrode terminal lead. In this case, the olefin resin 
is also used for an adhesive layer and the innermost layer 
of the laminate film (refer to Japanese Patent Application 
Laid-Open No. 2000-133218). 



SUMMARY OF THE INVENTION 

However, in the above disclosed invention, though the 
sealing capability, when the cell is used for a camcorder, 
a cellular phone, a portable computer or the like or, in the 
initial term after the fabrication of the cell, is maintained, 
there is a possibility that the long-term reliability thereof 
under vibration conditions where the cell is mounted on the 
electric vehicle or the hybrid car cannot be maintained. 

Meanwhile, though it is preferable to expand the area 



of the electrode terminal lead in order to control the resistance 
thereof, a joint surface between the laminate film and the 
electrode terminal lead is also expanded if the area of the 
electrode terminal lead is expanded, leading to yet more 
difficulty in ensuring the sealing capability. 

Moreover, the temperature of the electrode terminal lead 
sometimes reaches the softening point of the coating resin 
during the charge/discharge as described above. Furthermore, 
in some cases, peeling and crevices occur on a joint surface 
of the electrode terminal lead and the coating resin due to 
a difference between the thermal expansivity of the electrode 
terminal lead and the coating resin , and also due to the internal 
pressure of the cell, resulting in a lowering of the sealing 
capability. Due to the lowering of the sealing capability, 
which is described as above, there is a possibility that a 
liquid leakage will occur, in which an electrolytic solution 
or a decomposition product thereof oozes from an end of the 
electrode terminal lead in the cell and moves onto an interface 
between the electrode terminal lead and the coating resin. 
Furthermore, a problem of an accelerated deterioration of the 
coating resin and an outer material occurs, in which the 
permeating electrolytic solution corrodes the electrode 
terminal lead resulting in an increase of electrical resistance , 
which results in further heat generation of the electrode 
terminal lead during the charge/discharge of a large current. 

In this context, the present invention was made in 



consideration of the above- described problems. It is an 
object of the present invention to provide a laminate packaging 
flat cell using a laminate film, as a cell outer material, 
formed by combining polymer and metal with each other, in which 
the reliability of the sealing capability of the cell is enhanced , 
and charge/discharge performance when a large current is used 
be ensured. 

The first aspect of the present invention provides a 
laminate packaging flat cell, comprising: a laminate film 
formed by combining polymer and metal with each other; a power 
generating element formed of a plurality of electrode plates 
and separators, and hermetically sealed by the laminate film; 
and an electrode terminal lead coupled to the electrode plate, 
wherein the power generating element is hermetically sealed 
by forming a thermally welded portion on an outer periphery 
of the laminate film, and the electrode terminal lead protrudes 
from the thermally welded portion, and a through-hole is 
provided in a position thereof contacting the thermally welded 
portion . 

The second aspect of the present invention provides a 
battery module, comprising: at least two laminate packaging 
flat cells connected in series and/or in parallel, the laminate 
packaging flat cell comprising: a laminate film formed by 
combining polymer and metal with each other ; a power generating 
element formed of a plurality of electrode plates and separators , 
and hermetically sealed by the laminate film; and an electrode 



terminal lead coupled to the electrode plate, wherein the power 
generating element is hermetically sealed by forming a 
thermally welded portion on an outer periphery of the laminate 
film, and the electrode terminal lead protrudes from the 
5 thermally welded portion, and a through-hole is provided in 

a position thereof contacting the thermally welded portion. 

The third aspect of the present invention provides an 
assembled battery, comprising: at least two battery modules 
connected in series and/or in parallel, the battery modules 

10 including a laminate packaging flat cell, the laminate 

packaging flat cell comprising: a laminate film formed by 
combining polymer and metal with each other; a power generating 
element formed of a plurality of electrode plates and separators , 
and hermetically sealed by the laminate film; and an electrode 

15 terminal lead coupled to the electrode plate, wherein the power 

generating element is hermetically sealed by forming a 
thermally welded portion on an outer periphery of the laminate 
film, and the electrode terminal lead protrudes from the 
thermally welded portion, and a through-hole is provided in 

20 a position thereof contacting the thermally welded portion. 

The fourth aspect of the present invention provides a 
vehicle, comprising: an assembled battery including at least 
two battery modules connected in series and/or in parallel, 
the battery modules having a laminate packaging flat cell, 

25 the laminate packaging flat cell, comprising: a laminate film 

formed by combining polymer and metal with each other; a power 
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generating element formed of a plurality of electrode plates 
and separators, and hermetically sealed by the laminate film; 
and an electrode terminal lead coupled to the electrode plate, 
wherein the power generating element is hermetically sealed 
by forming a thermally welded portion on an outer periphery 
of the laminate film, and the electrode terminal lead protrudes 
from the thermally welded portion, and a through-hole is 
provided in a position thereof contacting the thermally welded 
portion . 

The fifth aspect of the present invention provides A 
method for manufacturing a laminate packaging flat cell, 
comprising: preparing a laminate film formed by combining 
polymer and metal with each other; a power generating element 
formed of a plurality of electrode plates and separators, and 
hermetically sealed in the laminate film by forming a thermally 
welded portion on an outer periphery of the laminate film; 
and an electrode terminal lead coupled to the electrode plate, 
and having a through-hole provided in a contact portion with 
the thermally welded portion; attaching an adhesive layer onto 
the contact portion of at least one surface of the electrode 
terminal lead; and forming the thermally welded portion by 
thermally welding the laminate film while interposing the 
adhesive layer therebetween , andhermetically sealing the power 
generating element . 



BRIEF DESCRIPTION OF THE DRAWINGS 



The invention will now be described with reference to 
the accompanying drawings wherein; 

FIG. 1A is a perspective view illustrating an embodiment 
of a laminate packaging flat cell according to the present 
invention; 

FIG. IB is a cross-sectional view taken on line IB-IB 
of FIG. 1A; 

FIGs. 2A and 2B are perspective views illustrating other 
embodiments of the laminate packaging flat cell according to 
the present invention; 

FIG. 3A is an enlarged cross -sectional view illustrating 
an embodiment of a thermally welded portion of the laminate 
packaging flat cell according to the present invention; 

FIG. 3B is a view illustrating an embodiment of an 
electrode terminal lead of the laminate packaging flat cell 
according to the present invention; 

FIG. 3C is a cross-sectional view taken on line IIIC-IIIC 
of FIG. 3B; 

FIGs. 4A, 4B and 4C are views illustrating other 
embodiments of the electrode terminal lead of the laminate 
packaging flat cell according to the present invention; 

FIG. 5A is a schematic view illustrating an embodiment 
of the electrode terminal lead of the laminate packaging flat 
cell, in which an adhesive layer is provided, according to 
the present invention; 

FIG. 5B is an enlarged cross -sectional view illustrating 
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the thermally welded portion of the laminate packaging flat 
cell, in which an adhesive layer is provided, according to 
the present invention; 

FIG. 6 is an enlarged cross -sectional view illustrating 
another embodiment of the thermally welded portion of the 
laminate packaging flat cell according to the present 
invention ; 

FIG . 7A is an elevational view illustrating an embodiment 
of a battery module according to the present invention; 

FIG* 7B is a cross-sectional view illustrating an 
embodiment of the battery module according to the present 
invention ; 

FIG. 7C is a plan view illustrating an embodiment of the 
battery module according to the present invention; 

FIG. 8 is a perspective view illustrating an embodiment 
of an assembled battery according to the present invention; 

FIG. 9 is a schematic view illustrating a vehicle, on 
which the battery module of the present invention is mounted; 
and 

FIG. 10 is a graph illustrating a result of a temperature 
rise test. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Hereinafter, description will be made of embodiments of 
the present invention with reference to the drawings. 

As shown in FIGs. 1A and IB, a cell 10 according to the 



present invention is configured in such a manner that a power 
generating element is hermetically sealed by thermally welding 
the two laminate films 50 and 51 . The power generating element 
is formed by stacking the positive electrode plates 20 
(electrode plate) , the spacers 30 and the negative electrode 
plates 40 (electrode plate) . The laminate films 50 and 51 are 
formed by combining polymer and metal with each other in a 
vertical direction. The cell 10 is constructed in such a manner 
that the positive terminal lead 22 (electrode terminal lead) 
and the negative terminal lead 4 2 (electrode terminal lead) 
protrude outward from the thermally welded portion 23 of the 
positive terminal lead and the thermally welded portion 4 3 
of the negative terminal lead, respectively. The positive 
terminal lead 22 is coupled to the positive electrode plates 
20 by the positive electrode collectors 21, and the negative 
terminal lead 42 is coupled to the negative electrode plates 
40 by the negative electrode collectors 41 . The through-holes 
24 and 44 are provided in the thermally welded portions 23 
and 43 of the positive and negative terminal leads 22 and 42. 
Note that a method for the thermal welding of a laminate film 
is not limited to the one in the case as shown in FIG. 1, in 
which the outer peripheral portion of the cell is thermally 
welded by the two laminate films. For example, as shown in 
FIG. 2A, a configuration may be adopted, in which a bag- shaped 
laminate film is used to house therein the power generating 
element, only both open ends thereof are thermally welded. 
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and the positive and negative terminal leads 22 and 42 are 
protruded therefrom, respectively. In addition, as shown in 
FIG. 2B, the positions from which the positive and negative 
terminal leads 2 2 and 42 are taken out may be limited to only 
one . 

Meanwhile, it is preferable that the cell of the present 
invention be constructed in a flat shape as shown in FIGs . 
1A to 2B. This is because it is difficult to ensure long-term 
reliability of the sealing capability of regions from which 
the electrode terminal leads are taken out if a round shaped 
cell structure is adopted in a cell of a high energy density 
and a high output density, which is mounted on the electric 
vehicle or the hybrid car. 

For the electrodes of the present invention, positive 
and negative electrodes capable of occluding and desorbing 
lithium ions are used. The separators and an electrolytic 
solution, solid electrolyte or gel electrolyte impregnated 
therein, or alternatively, a solid electrolyte or gel 
electrolyte acting as the separators are used for the power 
generating element . For the positive and negative electrodes , 
separators, the electrolytic solution and the like, publicly 
known ones are usable. For example, positive and negative 
electrode active materials are not particularly limited though 
it is desirable to use a positive electrode active material 
containing LiCo0 2 , LiMn 2 0 4 or LiNi0 2 as the main material for 
the positive electrode and to use a negative electrode active 



material containing graphite or hard carbon that is amorphous 
carbon as the main material for the negative electrode. Note 
that the positive electrode is defined as a portion including 
the positive electrode collectors and the positive terminal 
leads attached onto the ends thereof. The positive electrode 
plates are defined as reaction portions including the positive 
electrode active material in the positive electrode collectors . 
In a similar way, the negative electrode is defined as a portion 
including the negative electrode collectors and the negative 
terminal leads attached onto the ends thereof. The negative 
electrode plates are defined as reaction portions including 
the negative electrode active material in the negative 
electrode collectors . 

In addition, no particular limitations are imposed on 
the separators as one of the essential elements of the power 
generating element of the present invention, and publicly known 
ones can be used therefor. Note that, with regard to the 
separators of the present invention, the name itself should 
not limit the selection thereof and the separators may be 
replaced by the solid electrolyte or gel electrolyte 
functioning as the separators. The reason is as follows. 
Specifically, a solid electrolyte cell and a gel electrolyte 
cell include one configured in such a manner that a power 
generating element is housed in the outer material formed of 
the laminate film and enveloped by the thermal welding of a 
periphery thereof. In this case, the power generating element 



is formed by disposing the solid electrolyte or the gel 
electrolyte between the positive electrode active material 
layers of the positive electrode plates and the negative 
electrode active material layers of the negative electrode 
5 plates. Moreover, the power generating element contains the 

foregoing electrolytic solution or electrolyte in the same 
way as before . 

In the present invention, the power generating element 
formed by stacking the positive electrode plates, the 

10 separators and the negative electrode plates is configured 

in a similar way to the conventional power generating element. 
For example, each of the positive electrode plates is formed 
by coating and drying the foregoing positive electrode active 
material on both surfaces of the reaction portion of the positive 

15 electrode collector. Each of the negative electrode plates 

is formed by coating and drying the foregoing negative electrode 
active material on both surfaces of the reaction portion of 
the negative electrode collector. Each of the separators is 
formed of a polymer electrolyte sheet . The positive electrode 

20 collectors having the positive electrode active material and 

the negative electrode collectors having the negative electrode 
active material are joined to the positive terminal leads and 
the negative terminal leads, respectively, by ultrasonic 
welding or the like. This joining may also be performed by 

25 resistance welding. However, the configuration of the power 

generating element of the present invention is not limited 
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to these. 

In addition, while the laminate film formed by combining 
polymer and metal with each other is used as the outer material , 
no particular limitations are imposed on the laminate film. 
A publicly known film formed by disposing a metal film between 
polymer films and laminating the whole to be integrated is 
usable. As shown in FIG. 3A, as the laminate film, the outer 
protection layers 50a (outermost layers of the laminate film, 
heat resistant insulating films 50a) formed of polymer films, 
the metal film layer 50b, and the thermally welded layer 50c 
(innermost layer of the laminate film, thermal welding film 
50c) formed of an insulating polymer film are disposed. More 
specifically, the laminate film is one configured in such a 
manner that the heat resistant insulating films 50a are formed 
as polymer films on both surfaces of the metal film layer 50b, 
and that the thermal welding film 50c is laminated on at least 
one surface of the heat resistant insulating films 50a. The 
laminate film is configured by laminating the whole to be 
integrated. Such a laminate film is thermally welded by an 
appropriate method, and thus a portion of the thermal welding 
film 50c is welded and joined to the positive terminal lead 
22 to form the thermally welded portion 23. 

An aluminum film and the like can be listed as examples 
of the metal film. In addition, a polyethylene terephthalate 
film (heat resistant insulating film), a nylon film (heat 
resistant insulating film), a polyethylene film (thermal 



welding film), a polypropylene film (thermal welding film) 
and the like can be listed as examples of the polymer film. 
However, the outer material of the present invention should 
not be limited to these. Because of the utilization of the 
5 insulating film capable of the thermal welding, the laminate 

film can be joined easily and securely by a technique such 
as ultrasonic welding. Note that, in order to enhance the 
long-term reliability of the cell to the maximum, metal films 
as constituent elements of the laminate film may be directly 

10 Joined to each other. In this case, there is a possibility 

that a short circuit defect will occur when the electrode 
terminal leads and the metal films contact each other. 
Therefore, it is preferable to mutually join metal films on 
a spot in the thermally welded portion where the metal films 

15 do not contact the electrode terminal leads. Ultrasonic 

welding can be used for mutually joining the metal films by 
removing or destroying the resin located between the metal 
films . 

In the case of using electrode terminal leads with coated 
20 surfaces, metal such as aluminum (Al) , stainless steel and 

alloy materials containing these, as well as metal such as 
copper (Cu) and iron (Fe) are usable as metal to be used as 
a base material of the electrode terminal leads. It is 
desirable to use Cu for the base material from the viewpoint 
25 of controlling a resistance increase of the entire electrode 

terminal leads, but the base material is not limited to Cu. 
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In addition, though nickel is most suitable for the surface 
coating layer, a metal material such as silver or gold is also 
usable. The surface coating layer can be provided on any one 
or both of the positive and negative electrode leads. 

Among the metal materials to be used for the base material 
of the electrode terminal leads, metal such as Al is excellent 
in adhesiveness with the polymer material of the outer material , 
as understood from the fact that such metal is used for the 
metal film material of the polymer-metal composite laminate 
film of the outer material. Therefore, it can be said that 
it is less necessary to provide the surface coating layers 
on the electrode terminal leads. On the other hand, metals 
such as Cu and Fe among the metal materials to be used for 
the base material are relatively poor in adhesiveness with 
the polymer material of the outer material . Therefore, it can 
be said that it is more necessary to provide the surface coating 
layers. Generally, metal such as Al is used for the base 
material of the positive terminal lead, and metal such as Cu 
and Fe is used for the base material of the negative terminal 
lead. 

The present invention is characterized in that the 
electrode terminal leads having the through-holes in the 
thermally welded portions are used in the laminate packaging 
flat cell as described above. While the same can be said for 
any of the positive and negative terminal leads as the electrode 
terminal leads, the thermally welded portion of the positive 



terminal leads will be described. 

As shown in FIG. 3B # the positive terminal lead 2 2 in 
which the through-holes 24 are provided are used. The number 
of through-holes may be one or a plurality located arbitrarily. 
5 If the positive terminal lead 22 is sandwiched between the 

laminate films 50 and 51 in the vertical direction, followed 
by heating, then the thermally welded film 50c becomes the 
molten resin 50c'. If the molten resin 50c' is cramped by 
pressure onto the positive terminal lead 22, the molten resin 

10 50c' penetrates into the through-holes 24 of the positive 

terminal lead 22 . Hence , if the molten resin 50c ' is solidified 
after cooling, the thermally welded films 50c of the laminate 
films are coupled to each other through the through-holes 24 
in the vertical direction, and the joining of the thermally 

15 welded portion 23 of the positive terminal lead becomes stronger. 

Particularly, in the case of using the laminate film as the 
outer material, adhesion between the laminate film and the 
electrode terminal lead becomes an adhesion between the resin 
and the metal, and therefore, sometimes, sufficient sealing 

20 capability has not been ensured in the case of using the cell 

for an automobile . However , according to the present invention , 
the sealing capability can be enhanced easily by providing 
the through-holes, and the strength of the thermally welded 
portion of the positive terminal lead is enhanced due to an 

25 anchor effect. Moreover, if the through-holes are provided 

in the manner described above, then the sealing capability 
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for the electrode terminal lead, which is sandwiched in the 
thermally welded portion and exposed to the outside of the 
outer material , is improved in long-term reliability to a great 
extent . Thus , it is also made possible to ensure a good sealing 
capability for a long period of time. Note that, in a similar 
way, it is made possible to ensure good sealing capability 
also for the negative terminal lead. 

In the present invention, it is preferable that the 
plurality of through-holes provided in each of the electrode 
terminal leads be arranged in a staggered way in the thermally 
welded portion. For example, a case where two rows, in each 
of which four to five through-holes are included, are provided 
from the positive electrode collectors side (power generating 
element side) of the positive terminal lead to the outside 
of the cell will be described. As shown in FIG. 4A, the 
through-holes are arranged from the positive electrode 
collector side to the outside of the cell so as not to overlap 
with each other. Hence, in the case of providing three rows 
of the through-holes, the adjacent two rows of through-holes 
are arranged from the positive electrode collector side to 
the outside of the cell so as not to overlap with each other 
as shown in FIG. 4B. In such a manner, it is made possible 
to elongate the path P through which the electrolytic solution 
is leaked, and thus, leakage of the electrolytic solution to 
the outside of the cell can be prevented. 

Moreover, the shape of the through-holes is not limited 
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to square and rectangular shapes, but may be circular and 
elliptical shape, and have different shapes for each row. For 
example, an alternate arrangement may be made, which includes 
the first row composed of circular through-holes, the second 
row composed of elliptical through-holes, and the third row 
composed of rectangular through-holes, from the positive 
electrode collector side to the outside of the cell. FIG. 4C 
shows a positive terminal lead where two rows of circular-arc 
through-holes are arranged, in which the through-holes are 
arranged in a staggered way. 

In the present invention, it is preferable that a ratio 
of the total cross-sectional area of the through-holes be in 
a range of 20 to 50% of the cross-sectional area of the electrode 
terminal lead. If the laminate packaging flat cell is used 
for an automobile while flowing a large current (approximately 
100 A) therethrough, the electrode terminal lead sometimes 
generates heat. Particularly, if the width of the electrode 
terminal lead is 40 mm or more and the total cross -sectional 
area of the through-holes exceeds 50%, then the resistance 
of the electrode terminal lead rises , and the generated heat 
during the charge/discharge is further increased. If the 

temperature of the cell during use exceeds 70°C , then the thermal 
welding film is sometimes softened, thus making it impossible 
to ensure the sealing capability, though this depends on the 
material of the thermal welding film of the laminate film. 
It is preferable that the temperature rise of the electrode 



terminal lead during use of the cell be controlled to 30°C or 
less. If the total cross-sectional area of the through-holes 
is 50% or less, the temperature rise can be controlled in the 
range described above. On the other hand, if the total 
cross-sectional area is less than 20%, the sealing capability 
is sometimes not sufficiently ensured. The ratio of the 
cross-sectional area of the through-holes in the present 
invention will be further described with reference to the 
surface of the positive terminal lead of FIG. 3B, which is 
cut along the line IIIC-IIIC . As shown in FIG . 3C, the thickness 
of the positive terminal lead is set as b # the width thereof 
is set as a, and the widths of the through-holes are set as 
ai, a 2 and a 3 . In this case, the total cross-sectional area 

of the through-holes are represented as ( ai+a 2 +a 3 ) xb , and the 
cross-sectional area of the positive terminal lead is 

represented as axb . Hence, the ratio of total cross-sectional 
area of the through-holes to the cross- sectional area of the 
electrode terminal lead can be represented as 

( (ai+a 2 +a 3 )/a)xl00(%) . 

In the present invention, an adhesive layer may be 
provided on at least one surface of the electrode terminal 
lead. Because the metal film layer is included in the laminate 
film, a metal portion contacts the electrode terminal lead 
during the thermal welding to cause a short circuit in some 
cases. This short circuit defect can be prevented by 
interposing the adhesive layer therebetween. 



20 



FIGs . 5A and 5B show the positive terminal lead 22 having 
the adhesive layer 60. Although the width a' of the adhesive 
layer 60 may be equal to the width a of the positive terminal 
lead 22, it is preferable that the width a' be larger than 
the width a. This is for the purpose of effectively preventing 
the short circuit defect between the positive terminal lead 
and the metal film layer included in the laminate film. In 
addition, for the width h of the adhesive layer needs a length 
long enough to cover the through-holes therewith. In order 
to enhance the sealing capability, it is preferable that the 
width h be equal to or more than the width w of the thermally 
welded portion 23 of the positive terminal lead. Moreover, 
the adhesive layer may be provided on one or both surfaces 
of the electrode terminal lead. The sizes of the adhesive layer 
used in this case may differ for each of the cases. 

For the resin of the adhesive layer as described above, 
there are polyethylene , polypropylene, modified polypropylene , 
a two-layer structure of modified polypropylene and heat 
resistant cross-linked polypropylene , a three-layer structure 
of modified polypropylene, heat resistant cross-linked 
polypropylene and modified polypropylene, and the like. It 
is preferable that any of polyethylene, polypropylene and 
modified polypropylene be used at least on the contact surface 
with the thermal welding film of the laminate film. This is 
due to the adhesive layer which is excellent in thermal welding 
characteristics with the thermal welding film, because the 



thermal welding film of the laminate film, which is used in 
the present invention, is a polyethylene film, a polypropylene 
film or the like. Particularly, with regard to the 
characteristics of polypropylene, rigidity is high, thermal 
denaturation temperature is high, stress cracking is low, and 
resistance to a repeated bending stress is high. Therefore, 
it is preferable that the adhesive layer be particularly a 
single layer of polypropylene or modified polypropylene, or 
a laminate having such a single layer on a surface layer. If 
the thermal welding is performed by use of the adhesive layer 
thus composed, then the adhesive layer is also inserted into 
the inside of the through-holes 24 as shown in FIG. 5B, and 
thus the sealing capability is enhanced, and the short circuit 
defect can be prevented simultaneously. The case of providing 
the adhesive layers on both surfaces of the positive terminal 
lead is illustrated as an example in FIG. 5B . However, even 
if the adhesive layer is disposed on one surface of the positive 
terminal lead, the sealing capability can be enhanced 
efficiently, which is preferable. 

No limitations are imposed on the size of the laminate 
packaging flat cell of the present invention. However, from 
the viewpoint of the strength of the thermally welded portion 
of the electrode terminal lead, it is preferable that the 
thickness of the electrode terminal lead be 300 pm or less. 

In the case of manufacturing the laminate packaging flat 
cell having the adhesive layer, the cell can be manufactured 



in the same way as before except that the positive and negative 
terminal leads having the through-holes in the portions 
corresponding to the thermally welded layers are used, in which 
the adhesive layers are at least adhered onto the one-side 
surfaces. Regarding the size and arrangement of the 
through-holes provided on the positive and/or negative terminal 
lead, the ratio of the cross-sectional area of the through-holes 
to the cross -sectional area of the electrode terminal lead, 
the size of the electrode terminal lead, the area where the 
thermal welding is performed, and the like, similar conditions 
to those for the laminate packaging flat cell in which the 
adhesive layer is not provided can be employed. The present 
invention is characterized in that the sealing capability can 
be enhanced more than the conventional cell without changing 
the conventional manufacturing process, and that the strength 
of the thermally welded portions of the electrode terminal 
leads can be enhanced due to the anchor effect by use of the 
electrode terminal leads added with the adhesive layers. 

The thermal welding temperature can be selected 
appropriately depending on the type of the adhesive layer. 
Generally, the thermal welding temperature is in a range of 

210 to 230°C, and more preferably, in a range of 215 to 225°C. 
Moreover, the thermal welding time is 7 to 10 seconds, and 
more preferably, 8 to 9 seconds. 

In the present invention, the ends of the laminate films 
may be folded back to the outside and thermally welded to each 



of the electrode terminal leads. This is because the contact 
of the metal film included in the laminate film and the electrode 
terminal lead can be prevented and the short circuit defect 
can be prevented. As shown in FIG. 6, the adhesive layer 60 
5 is provided on only one surface of the positive terminal lead 

22, and the ends of two laminate films are bent outward and 
thermally welded, such that the metal films 50b included in 
the laminate films do not contact the positive terminal lead 
2 2 . The ends are bent in such a way that the sealing capability 

10 can be ensured, the strength of the electrode terminal lead 

can be enhanced due to the anchor effect, and the short circuit 
between the laminate films and the electrode terminal lead 
can be prevented. It is preferable that the adhesive layers 
61 also be provided on the bent portions in order to maintain 

15 such a bent state. In some cases, the outermost layers of the 

laminate films have the heat resistant insulating 
characteristics but do not have the thermal welding 
characteristics. In the case of using the laminate films as 
described above, the interposition of the adhesive layers 61 

20 maintains the bent state for a long period. 

In the present invention, a battery module can be 
configured by connecting at least two laminate packaging flat 
cells described above in series and/or in parallel . The battery 
module of the present invention is shown in FIGs. 7A, 7B and 

25 7C. As shown in FIGs. 7B and 7C, the battery module 100 can 

be configured in such a manner that four pieces of the flat 



24 



cells 10 described above are connected in parallel, six sets 
of the flat cells 10, each set having the four pieces of the 
cells 10 connected in parallel, are connected in series, and 
the sets of the flat cells 10 are housed in the battery module 
5 case 110 made of metal. The positive and negative terminals 

120 and 130 provided on the lid on the battery module case 
110 and the electrode terminal leads 121 and 131 of the flat 
cells 10 are connected to each other by use of the lead wires 
122 and 132, respectively. Moreover, in the case of connecting 

10 the four pieces of the flat cells 10 in parallel, it is 

satisfactory if the electrode terminal leads 121 of the 
respective flat cells 10 are electrically connected by use 
of appropriate conductive connecting members such as the 
spacers 140 as shown in FIG. 7B. In a similar way, in the case 

15 of further connecting, in series, the six sets of the flat 

cells 10, each set having the four flat cells 10 connected 
in parallel, it is satisfactory if the electrode terminal leads 

121 and 131 of the respective flat cells 10 are electrically 
connected sequentially by use of appropriate connecting members 

20 such as the busbars 150 as shown in FIG . 7B. However, the battery 

module of the present invention is not limited to the one 
described here, and a publicly known one can be employed when 
appropriate . In addition , a variety of measurement and control 
devices may be provided on the battery module according to 

25 the purpose. For example, a connector for measuring a voltage 

may be provided on the lid on the battery module case 110 for 
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the purpose of monitoring the voltage of the cell . 

Meanwhile, in the present invention, it is also preferable 
to connect the four pieces of the flat cells 10 electrically 
in series . This case , where the four flat cells 10 are connected 
5 in series, is considered. Although the total voltage may differ 

depending on the operating voltage of a single cell, the total 
voltage will be 14V if the operating voltage of the single 
cell is 3.5V, and this 14V of power can be applied to a current 
12V power supply. If 12 pieces of the single cells are connected 

10 in series, then the total voltage will be 42V, which can be 

applied to a transmission voltage in the future. If 96 pieces 
of the single cells are connected in series, then the total 
voltage can be applied to a current power supply for electric 
vehicles or hybrid electric vehicles. Particularly, the 

15 voltage of 42V is an effective voltage for a motor-operated 

valve, an electric brake and the like in practical use. As 
described above, the number of single cells is set at multiples 
of 4 , thus making it possible to obtain a battery module depending 
on the utilization purpose thereof. 

20 Next, at least two battery modules as described above 

are connected in series and/or in parallel , and thus an assembled 
battery is configured. Thus, it is made possible to cope with 
a demand for a relatively low cost regarding cell capacity 
and output, which vary according to purpose, without 

2 5 manufacturing a new battery module in order to cope therewith. 

In order to configure the assembled battery 200 by connecting 
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six sets of the battery modules 100 as described above in parallel 
as described in FIG. 8, the positive and negative terminals 
120 and 130 of the battery modules 100 provided on the lids 
of the respective battery module cases 110 are mutually 
connected electrically by use of the positive and negative 
electrode coupling plates 230 and 240 having the outer positive 
and negative terminals 210 and 220 , respectively. In addition, 
respective screw holes (not shown) provided on both side 
surfaces of the battery module cases 110 and the coupling plates 
250 are fixed together by the screws 260, and thus the battery 
modules 100 are coupled together. Moreover, the positive and 
negative terminals 120 and 130 of the battery modules 100 are 
protected by the positive and negative electrode insulating 
covers 270 and 280, respectively. The insulating covers are 
identified from each other by means of color coding using 
appropriate colors, for example, red and blue. 

Moreover, even when the battery module and/or the 
assembled battery are mounted on the electric vehicle or the 
hybrid car, a good sealing capability thereof can be ensured 
for a long period, and the lifetime thereof can be enhanced. 
With regard to a mounting place of the assembled battery of 
this application , for example, as shown in FIG. 9, the assembled 
battery 200 is mounted under a seat in the center of the electric 
vehicle or the hybrid car 300. This is convenient because a 
vehicle's interior space and trunk room can be designed so 
as to be wide. However, the present invention is not limited 



to the above, and the assembled battery 200 may be mounted 
under the rear trunk room, or alternatively, can be mounted 
in a region in the front of a vehicle where an engine should 
be mounted, if the engine is not mounted as in the electric 
5 vehicle. Note that, in the present invention, according to 

the purpose, not only the assembled battery 200 but also the 
battery module 100 may be mounted, or the battery module and 
the assembled battery may be mounted in combination . Moreover , 
though the electric vehicle and the hybrid car, which are 
10 described above, are preferable as vehicles that can mount 

thereon the battery module and/or assembled battery of the 
present invention, the vehicle is not limited to these. 

The present invention will be described below based on 
specific examples. 

15 

Example 1 

The laminate packaging flat cell shown in FIG. 1A was 
manufactured by use of laminate films, in each of which the 
thermal welding films were polypropylene and the metal film 

20 was aluminum. 

For the electrodes, positive electrodes using LiMn 2 0 4 
as a positive electrode active material and negative electrodes 
using amorphous carbon as a negative electrode active material 
were used. For the positive terminal lead, an Al plate having 

25 a thickness of 150 pm was used. For the negative terminal lead, 

a Ni plate having a thickness of 150 pm was used. Each of the 
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positive and negative terminal leads were 4 5 nun wide and 40 
mm long* In each of the electrode terminal leads, three 

through-holes, each having a size of 5 mm x 3 mm, were arrayed 
in one row at an interval of 7.5 mm. The ratio of the 
5 cross-sectional area of the through-holes to the 

cross-sectional area of each electrode terminal lead was 33%. 

Adhesive layers formed of modified polypropylene, each 

having an area of 10 mm x 48 mm x 0.1 mm, were attached onto 
both surfaces of each electrode terminal lead by the thermal 

10 welding with the through-hole array taken as a center. 

Subsequently, these adhesive layers and the electrode 
terminal lead were sandwiched by the laminate films in the 
vertical direction , and peripheral portions thereof were joined 
together by thermal welding and the whole was sealed such that 

15 a power generating element was housed therein. Thus, a flat 

cell was fabricated. The capacity of this flat cell was 
approximately 2 Ah. The thermal welding process was performed 
at a temperature of 230°C for 7 seconds. 

20 Example 2 

Regarding the through-holes provided in each electrode 
terminal lead, four or five through-holes, each having a size 

of 4 mm x 1 mm, were arrayed in each row at an interval of 
approximately 6 mm. Two of the described rows were provide 
25 in each electrode terminal lead. In a similar way to Example 

1 except for the above, a laminate packaging flat cell was 
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fabricated. The ratio of the cross -sectional area of the 
through-holes to the cross-sectional area of each terminal 
lead was 44%. 

5 Example 3 

An Al plate having a thickness of 300 \im was used for 
the positive terminal lead, and a Ni plate having a thickness 
of 300 pmwas used for the negative terminal lead. In a similar 
way to Example 1 except for the above, a laminate packaging 
10 flat cell was fabricated. 

Example 4 

An Al plate having a thickness of 600 pm was used for 
the positive terminal lead, and a Ni plate having a thickness 
15 of 600 jam was used for the negative terminal lead. In a similar 

way to Example 1 except for the above, a laminate packaging 
flat cell was fabricated. 

Example 5 

20 Three through-holes, each having a length of 4 mm and 

a width of 2 mm, were arrayed in one row at an interval of 
9 mm. In a similar way to Example 4 except for the above, a 
laminate packaging flat cell was fabricated. In this cell, 
the ratio of the cross- sectional area of the through-holes 

25 to the cross-sectional area of the electrode terminal lead 

was approximately 2 6%. 
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Example 6 

Four through -holes , each having a length of 2 mm and a 
width of 2 mm, were arrayed in one row at an interval of 9.3 
5 mm . In a similar way to Example 4 except for the above , a laminate 

packaging flat cell was fabricated. In this cell, the ratio 
of the cross -sectional area of the through-holes to the 
cross -sectional area of the electrode terminal lead was 
approximately 18% . 

10 

Comparative Example 1 

No through-holes were provided in each electrode terminal 
lead. In a similar way to Example 4 except for the above, a 
cell was fabricated. 

15 

Temperature Rise Test 

By use of the laminate packaging flat cells manufactured 

in Examples 1 and 2, charging/discharging was repeated at 50 

A, with turning-on for 5 seconds and pausing for 25 seconds 
20 being set as 1 cycle. Rising temperatures of the electrode 

terminal leads in this case were measured, and the results 

thereof are shown in FIG. 10. 

As shown in FIG. 10, the rising temperature in the case 

of Example 1 where the ratio of the cross -sectional area of 
25 the through-holes was 33% was lower than that in the case of 

Example 2 where the ratio of the cross-sectional area was 44%. 
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Aging Test and Peeling Strength Test 

With regard to each of Examples 1 to 6 and Comparative 
Example 1 # five pieces of the laminate packaging flat cells 

5 were used. These cells were left in an atmosphere of 40°C for 

60 days . Thereafter, it was examined whether a liquid leakage 
had occurred in each of the cells. In addition, for each of 
these cells left for 60 days, the thermally welded portions 
of the electrode terminal leads were cut in a width of 20 mm. 
10 The peeling strengths of the thermally welded portions were 

measured by a peeling strength test. One in which a peeling 
strength ratio (peeling strength after leaving/initial peeling 
strength) was 0.5 or more was regarded as acceptable. 



15 Table 1 

Liquid leakage Peeling 
after aging test strength ratio 



Example 1 None 1 

Example 2 None 0 . 9 

Example 3 None 0 . 9 

Example 4 None 0 . 9 

Example 5 None 0 . 8 

Example 6 None 0 . 5 



Comparative Present 
example 1 (Liquid leakage in 1 out of 5) 
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According to Table 1, because the through-holes were 
provided in the electrode terminal leads in Examples 1 to 6, 
the sealing capability was enhanced, and the occurrence of 
liquid leakage was eliminated . Moreover , the peeling strength 
was also enhanced due to the through-holes , and the reliability 
of the cell was enhanced. 

The entire content of Japanese Patent Application No. 
P2002 -257867 with a filing date of September 3, 2002 is herein 
incorporated by reference. 

Although the invention has been described above by 
reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described above 
will occur to these skilled in the art , in light of the teachings . 
The scope of the invention is defined with reference to the 
following claims . 



